Mutations in the KCNK3 gene, which encodes for an outward-rectifier K þ channel, have been identified in patients suffering from pulmonary arterial hypertension (PAH), and constitute the first described channelopathy in PAH. In human PAH and experimental pulmonary hypertension (PH), we demonstrated that KCNK3 expression and function are severely reduced in pulmonary vascular cells, promoting PH-like phenotype at the morphologic and haemodynamic levels. Since KCNK3 channel is also expressed in both the human and rodent heart, we aimed to elucidate the pathophysiological role of KCNK3 channel in right ventricular (RV) hypertrophy (RVH) related to PH. 
Introduction
Pulmonary hypertension (PH) is a severe and lethal cardiopulmonary disease clinically characterized by an increase in the mean pulmonary arterial pressure > _ 25 mmHg at rest. 1 PH is the consequence of an increase in pulmonary vascular resistance due to remodelling of the small distal pulmonary arteries and arterioles (diameter <500 mm), causing adaptive right ventricular (RV) hypertrophy and when unchecked, right heart failure. 2 Cardiac hypertrophy is the primary mechanism preserving myocardial pump function in the setting of cardiac stress due to pressure overload induced by hypertension. Unlike left ventricular hypertrophy, RV hypertrophy related to PH is relatively weakly characterized at the electrophysiological level. Over last two decades, several predisposing genes have been identified in pulmonary arterial hypertension (PAH), mainly in the transforming growth factor b superfamily signalling pathway. 3 In 2013, six loss of function mutations in KCNK3 gene were identified in familial PAH and sporadic PAH. 4 More recently, Navas et al. identified two additional mutations in the KCNK3 gene in PAH patients, and described the first PAH patient with an homozygous KCNK3 mutation associated with an aggressive form of PAH. 5 The KCNK3 protein is an outward-K þ channel characterized by the presence of four transmembrane domains and two pore domains per sub-unit, 6 (K2P), also called TASK1 (Twik-related-acidsensitive-K þ channel) or K2P3.1. The KCNK3 channel exhibits several particularities including minimal voltage sensitivity, extracellular pH sensitivity, inhibition by a1A-adrenergic receptor stimulation, resistance to the classical K þ channels inhibitors, and insensitivity to cytoplasmic Ca 2þ . 7, 8 KCNK3 channels are expressed in the heart of multiple species including zebrafish, chicken, mice, rats, dogs, and humans. 9 In human and rodents, KCNK3 is known to be expressed in both atria and ventricles. 10, 11 Genetic ablation or pharmacological inhibition of KCNK3 channels results in prolongation of cardiac LV action potential and QT interval in mice. 8, 12, 13 In human, an over-activation of KCNK3 is associated with right atrial fibrillation, suggesting the potential of KCNK3 inhibition as a novel therapeutic option for atrial fibrillation therapy. 11 However, the role played by defective KCNK3 channel in RV dysfunction occurring in PH is still unknown. We recently demonstrated that pulmonary KCNK3 expression and function were severely reduced in idiopathic and heritable PAH (associated to BMPR2 mutations), and in pulmonary vascular cells isolated from a rat model of severe experimental pulmonary hypertension [monocrotaline (MCT)-rats].
14 Interestingly, it has been previously reported that transient outward-K þ current (I to ) is reduced in the RV 4 weeks after MCT exposure and that this associated with decreased mRNA expression of several voltage-gated K þ channels (Kv). 15 In the present study, we investigated by a combination of echocardiography, molecular biology, and patch-clamp approaches, the expression, and the function of KCNK3 in the RV and LV during the development of RV hypertrophy secondary to severe PH. As well as using several experimental rat models [PH induced by MCT exposure, by chronic hypoxia and by Sugen/hypoxia exposure and in chronic RV pressure overload (induced by pulmonary artery banding) (PAB)]. RV tissues from both PAH and non-PAH patients were also examined. Finally, we explored analysed the consequences of chronic in vivo inhibition of KCNK3 in rats with a selective KCNK3 channel blocker (A293).
Methods
An expanded methods section is provided in the Supplementary material online.
Materials
Tetraethylammonium, 4-AminoPyridin (4-AP), MCT, collagenase A was obtained from Sigma. The selective blocker of KCNK3, A293 (KCNK3 inhibitor) (2-(butane-1-sulfonyl-amino)-N-[1-(R)-(6-methoxypyridin-3-yl)-propyl]-benz-amide), was kindly provided by Sanofi-Aventis (R&D). The IC50 value for blockade of KCNK3 channels by A293 was estimated at 245.2 ± 113.5 nM. 8, 16 In addition, in Xenopus oocyte expression sys- 
Patients
Non-PAH human cardiac tissues (right and left ventricle) were obtained at the time of heart transplantation from five patients with left ventricular dysfunction (2 females and 3 males with mean age 52 years). PAH human cardiac tissues (right and left ventricle) were obtained at the time of heart-lung transplantation from four PAH patients: ( 
Animals
The animal facility is licensed by the 
Statistical analysis
All values are expressed as the mean ± SEM. Data were analysed with use of the Student t-test or one-way analysis of variance and Dunnett's multiple comparisons test were performed with GraphPad Prism software (GraphPad, version 6.0 for Windows). For patch-clamp experiments, we used a nested anova to a mixed effects model. Here, control vs. different treatment was treated as a fixed effect, while Rat was treated as a random effect. Nested anova were performed using R software (version 3.0.1 statistical) (R Foundation, www.r-project.org). 17 Differences were considered statistically significant at P < 0.05 *, P < 0.01 **, P < 0.001***. Figure 1A and B) and then the I KCNK3 was measured at the end of depolarizing pulse ( Figure 1C) . In control RV myocytes, KCNK3 inhibitor reduced K þ current by 10-15% at þ80 mV ( Figure 1B-C) . As expected, immunofluorescence labelling revealed that KCNK3 channels were mainly expressed at sarcolemmal level in control RV cardiomyocytes ( Figure 1D ). In order to determine the contribution of I KCNK3 to the repolarizing phase of RV action potential, we measured the effect of the KCNK3 inhibitor on action potential duration (APD). As shown in Figure 1E , the KCNK3 inhibitor led to a prolongation of APD with slightly but significant depolarized resting membrane potential ( Figure 1E , right panel). In control RV cardiomyocytes, APD at 0 mV was not affected by pharmacological inhibition of KCNK3 channels ( Figure 1F ) whereas, APD at -30 mV and APD at -60 mV were significantly increased.
RV hypertrophy and dysfunction appears 2 weeks after MCT-exposure
To assess the time course of RV dysfunction in MCT-exposed rats, echocardiographic analyses were performed during the development of PH (1, 2, and 3 weeks after MCT-exposure, W1, W2, and W3, respectively). Different shapes and flow pattern of RV outflow were observed and illustrated in Figure 2A (mid systolic notch, micro flow, and saber). Pulmonary artery acceleration time (PAAT) was the earliest parameter to change, and was significantly shortened from W2, demonstrating a higher resistive profile in PA tract with acceleration of RV ejection ( Figure 2B ). Velocitytime integral (VTI) was significantly decreased at W2 and W3, reflecting the establishment of pulmonary flow reduction ( Figure 2C ). We also observed at W3 an increase in RV end diastolic diameter (RVEDD) ( Figure 2D ) and RV wall thickness ( Figure 2E ). At W3, we measured significant impairment of RV fractional shortening (FS) ( Figure 2F ), without any significant modification of cardiac index (CI) in MCT-rats ( Figure 2G ). We also observed at W3 interventricular septum curve deviation of type 2 (flat) or type 3 (right to left deviation) (see Supplementary material online, Figure S1 ). We also measured a significant decrease in Tricuspid annular plane systolic excursion (TAPSE, not shown). However, tissue doppler derived tricuspid annulus systolic velocity (s') and RV ejection time (RVET) were unmodified. These data demonstrated a progressive RV hypertrophy and dysfunction in MCT-rats, which begins from 2 weeks, with rapid deterioration of RV function from W3.
Progressive increase in APD during the development of RV hypertrophy in MCT-rats
In accordance with echocardiography analyses, we observed a progressive and significant increase in mean pulmonary arterial pressure in MCT-exposed rats (W2 and W3) ( Figure 3A , Left panel). We also measured a progressive RV hypertrophy through the Fulton index (W2 and W3) ( Figure 3A , Right panel). Cardiac hypertrophy is well described to be associated with re-expression of foetal genes. At W3, we observed the switching of myosin heavy chain isoforms from a (adult-MYH6) to b (foetal-MYH7) (Figure 3B-C) ( Table 2) . We also found a rise in the expression of biochemical markers of ventricular dysfunction such as atrial natriuretic peptide (ANP, encoding by NPPA gene) and B-type 
VTI). (D) Right ventricular ejection time (RVET). (E) RV thickness (mm). (F) right ventricle fractional shortening (RV FS). (F)
Cardiac index (CI) (mL/min/kg). (7-12 different rats). Compared with control P < 0.05*, P < 0.01**, P < 0.001*** (One-way anova followed by Dunnett's). Compared with control; ns = non-significant, P < 0.05*, P < 0.01**, P < 0.001*** (Nested anova for patch-clamp experiments. Other experiments were analysed using one-way anova followed by Dunnett's).
KCNK3 dysfunction in right ventricular hypertrophy natriuretic peptide (BNP, encoding by NPPB gene) ( Figure 3D-E) . The hypertrophy of RV cardiomyocytes was confirmed at W2 and W3 using measures of the cell membrane capacitance ( Figure 3F ). In accordance with RV dysfunction previously observed at W2 and W3, we found a significant prolongation of APD ( Figure 3G-H) . Interestingly, while KCNK3 channels inhibition (by KCNK3 inhibitor at 200 nmol/L) increased APD in control RV cardiomyocytes ( Figure 1E-F) , it had no effect on APD in isolated RV cardiomyocytes from 3 weeks MCT-rats ( Figure 3I ), suggesting that KCNK3 channels were no longer functional at this time.
3.4 Reduction of I KCNK3 precedes the establishment of RV hypertrophy and RV dysfunction in MCT-rats While the KCNK3 inhibitor significantly reduced K þ currents in control RV cardiomyocytes ( Figure 1C) , it had no impact on K þ currents 3 weeks after MCT exposure ( Figure 4A ), indicating that I KCNK3 was strongly reduced in hypertrophied RV cardiomyocytes. Indeed, I KCNK3 was reduced by three-fold in PH (W1, W2, and W3) compared to control condition ( Figure 4B -C), indicating that I KCNK3 reduction precedes RV dysfunction. Moreover, at W1, immunofluorescence labelling revealed a loss of sarcolemmal localization of KCNK3 and a loss of fluorescence intensity on the cardiomyocyte surface more pronounced at W3, suggesting an early reduction of KCNK3 expression ( Figure 4D ). According to these results, KCNK3 mRNA levels were strongly reduced in RV from PH rats ( Figure 4E ), while KCNK9 which is known to functionally dimerize with KCNK3 18, 19 was undetectable in rat cardiac tissue ( Figure   4F ). We performed quantitative RT-PCR to quantify KCNK3 mRNA expression in human RV tissue from five non-PAH patients and four PAH patients. Having established baseline KCNK3 expression, at mRNA level, in non-PAH ventricular tissues ( Figure 4G ) we demonstrated that KCNK3 expression was strongly reduced in RV tissues from PAH patients ( Figure 4H ) (Table 2 ). Interestingly, in rat model, patch-clamp recordings, and quantitative-PCR showed that KCNK3 was predominantly expressed in RV cardiomyocytes compared to LV (see Supplementary material online, Figure S2A -B). In contrast to RV from MCT-rats, KCNK3 function, expression, and localization were unchanged in LV following MCT treatment (see Supplementary material online, Figure S2C -D), and the cell membrane capacitance of LV cardiomyocytes was unchanged during the development of PH (see Supplementary material online, Figure S2E ). Similarly to I KCNK3 , I to was significantly higher in RV cardiomyocytes compared to LV (see Supplementary material online, Figure S2F ) in accordance with the higher expression of Kv4.2 and Kv4.3 in RV compared to LV (see Supplementary material online, Figure S2G ). I to was not affected in LV after MCT-exposure (see Supplementary material online, Figure S2H ) associated with the unaffected expression of Kv4.2 and Kv4.3 (see Supplementary material online, Figure S2I ). In line with the steadiness of I KCNK3 in LV from MCT, I sus were also unmodified in MCT-rats (data not shown). Finally, no modification of I K1 was recorded (see Supplementary material online, Figure S3 ). These results demonstrated the specific K þ current alteration of in the RV side compared to the LV side in MCT rats.
We next recorded I KCNK3 in RV cardiomyocytes from two additional PH rats model: the chronic hypoxia-rats and the Sugen/hypoxia-induced PH. As expected, both models are associated with marked RV hypertrophy response secondary to the development of PH (see Supplementary material online, Figure S4A-D) . We also demonstrated that the KCNK3 current is severely reduced in RV cardiomyocytes isolated from PH rats exposed to Sugen/hypoxia and chronic hypoxia ( Figure 4I and J, respectively) . Cell capacitance measurement (reflecting cell size) confirmed the RV hypertrophy at the cellular level (see Supplementary material online, Figure S4A -E). Finally, we analysed by Quantitative RT-PCR the KCNK3 mRNA expression in the RV of rats with RV pressure overload induced by PAB as compared to Sham rats. We demonstrated that KCNK3 expression was strongly reduced in RV tissues from PAB rats ( Figure 4K ), while KCNK3 expression was unchanged in the LV compartment (see Supplementary material online, Figure S4F ).
3.5 Similarly to I KCNK3 , I to , and I sus are reduced during the establishment of RV hypertrophy
We demonstrated that I KCNK3 contributes to the action potential repolarization of RV cardiomyocytes, however, transient (I to ) and sustained (I sus ) outward-K þ current are also crucially important for action potential repolarization. Thus, we analysed I to and I sus during the establishment of RV hypertrophy. These recordings indicated that I to was progressively reduced ( Figure 5A -C) in association with a strong decrease in I to channels Kv4.2 and Kv4.3 mRNA expression ( Figure 5D ). Moreover, I to was reduced without modification of inactivation time constants (data not shown). We also demonstrated that I sus (steady-state-K þ current) was reduced at W1, W2, and W3 ( Figure 5E ) associated with a reduced expression of Kv1.5, Kv2.1 in RV hypertrophy (see Supplementary material online, Figure S6A -B). This decrease in I sus could partly be attributed to KCNK3 loss of function ( Figure 4 ) since I KCNK3 was measured at the steady-state-K þ current.
Finally, we observed a decrease of the background inward-rectifier current (I K1 ) in RV MCT-rats (see Supplementary material online, Figure  S4A -B) with a significant reduction of Kir2.1 mRNA (coding for I K1 channel) at W3 (see Supplementary material online, Figure S4C ). All these alterations (I KCNK3 , I to , I K1 ) contribute together to abnormal AP repolarization in RVH.
Chronic inhibition of KCNK3 induced molecular and electrophysiological alterations related to RV hypertrophy
We demonstrated that chronic in vivo inhibition of KCNK3 with KCNK3 inhibitor compound (A293 at 10 mg/kg/day) (KCNK3 inhibited-rats) abolished I KCNK3 in RV cardiomyocytes 1 week (W1) and 4 weeks (W4) after KCNK3 inhibitor-exposure (see Supplementary material online, Figure S5A ), while KCNK3 mRNA levels were unchanged (see Supplementary material online, Figure S5B ). At these time point, I to and I sus were also reduced by 30% and by 35%, respectively (see Supplementary material online, Figure S5C -D) in RV cardiomyocytes without any change in the expression of the corresponding channels (see Supplementary material online, Figure S7A-B) . No modification of the I to inactivation time constants was observed (data not shown), eliminating a non-specific effect of KCNK3 inhibitor on current properties and I K1 was unchanged in KCNK3 inhibited-rats (data not shown). In LV cardiomyocytes from KCNK3-inhibited rats, I to , I sus , and I K1 were unchanged compared to control condition (see Supplementary material online, Figure S7C-F) .
We measured a significant increase in cell membrane capacitance at W4, demonstrating RV cardiomyocyte hypertrophy (see Supplementary material online, Figure S5E ). MYH6 mRNA was decreased at W1 and W4 whereas MYH7 mRNA increased only at W4. In addition, we showed a trend for increased ANP mRNA at W1 and W4 (see (K) KCNK3 mRNA expression in RV tissues from Sham rats and rats subjects to pulmonary artery banding (PAB) (n = 7 different rats). Compared with control. ns = non-significant, P < 0.05*, P < 0.01** (Nested anova for patch-clamp experiments. Other experiments were analysed using one-way anova followed by Dunnett's). . Compared with control. ns = non-significant, P < 0.05*, P < 0.01**, P < 0.001*** (Nested anova for patch-clamp experiments. Other experiments were analysed using one-way anova followed by Dunnett's).
Supplementary material online, Figure S5F ). To confirm RV cardiomyocyte hypertrophy we performed staining with FITC-conjugated wheat germ agglutinin (WGA), a member of the lectin family that binds to Nacetyl-D-glucosamine and sialic acid residues found on the surface of cell membranes. We measured a significant increase in the diameter of RV cardiomyocytes in KCNK3 inhibited-rats as compared to vehicle treated rats ( Figure 6I ), while the size of LV cardiomyocytes was unchanged (see Supplementary material online, Figure S5G ).
Chronic inhibition of KCNK3 leads to loss of RV performance
Finally, we assessed the consequences of in vivo chronic KCNK3 inhibition on cardiac ventricular function by echocardiography examination 4 weeks after KCNK3 inhibitor-exposure. In KCNK3 inhibited-rats PAAT, VTI, and RVET were significantly reduced compared to control ( Figure 6A-B) . Moreover, the RVEDD was reduced (see Supplementary material online, Figure S8A ). At W1, KCNK3 inhibited-rats showed no significant change in RV function ( Figure 6C ), while RV thickness was increased (see Supplementary material online, Figure S8B ). Importantly, 4 weeks after KCNK3 inhibitor-exposure, we measured a halving in RV performance (decrease of RV FS) associated with an increase in RV thickness ( Figure 6C and see Supplementary material online, Figure S8B ), whereas RV stroke volume was reduced at 4 weeks after KCNK3 inhibitor-exposure (W4) ( Figure 6E ). At W4, LV thickness (see Supplementary material online, Figure S8C ) and LV FS ( Figure 6D ) were unchanged. In contrary to MCT-rats where LV end diastolic diameter (LVEDD) was decreased (data not shown), LVEDD was significantly increased in KCNK3 inhibited-rats (at W4) (see Supplementary material online, Figure S8D ). We also observed an increase in heart rate in KCNK3 inhibited-rats ( Figure 6F ). That was inversely proportional to a significant decrease in RV stroke volume thereby giving RV cardiac output measures that were unchanged in KCNK3 inhibited-rats ( Figure 6G ). No variation in TAPSE was observed in KCNK3 inhibited-rats (data not shown). These results highlight the severe abnormalities of RV function induced by KCNK3 inhibition.
Chronic inhibition of KCNK3 leads to abnormal action potential prolongation and RV fibrosis
As shown in Figure 7A , action potentials were significantly prolonged in RV cardiomyocytes from KCNK3 inhibited-rats at 0 mV, -30 mV, and -60 mV ( Figure 7A-B) . We also recorded a significant depolarization of resting membrane potential ( Figure 7C ). In KCNK3 inhibited-rats, we also observed early-after depolarization events in some RV cardiomyocytes (data not shown). Moreover, using Sirius red staining we showed a significant increase in RV fibrosis in KCNK3 inhibited-rats as compared to control rats ( Figure 7D -E) associated with an increase in mRNA level of Col1A1, while Col3A1 mRNA was unchanged ( Figure 7F) . Finally, quantitative-PCR experiments demonstrated significantly higher mRNA expression of interleukin 6 (IL-6) in the RV from KCNK3 inhibited-rats while mRNA expression of gp130 (IL-6 receptor subunit) was not significantly increased in these rats. We also measured a significant increase in TGIF2 (TGFB-Induced Factor 2) in RV from KCNK3-inhibited rats ( Figure 7G) , while mRNA expression of TNFa, IL-17Ra, CXCL12, CXCL1, CCl2 were not significantly modified in RV tissues from KCNK3-inhibited-rats (see Supplementary material online, Figure  S9 ) (Table 2 ). Additionally, we showed a significant increase in the number of Toluidine Blue (mature mast cells markers) positive cells in RV tissues from KCNK3-inhibited-rats, suggesting a RV accumulation/ recruitment of mature mast cells in KCNK3-inhibited-rats ( Figure 7H) . Other inflammatory cells (macrophages and T lymphocytes, respectively, tested by immunostaining against CD68 and CD3) were not present in RV tissues from KCNK3-inhibited rats (data not shown).
Discussion
This study has five major findings that taken together underscore the critical importance of altered KCNK3 function in RV hypertrophy associated with PH. We provide solid evidences that: (i) KCNK3 channels are functionally expressed in adult rat RV cardiomyocytes and contribute to action potential repolarization, (ii) I KCNK3 is reduced during the development of RV hypertrophy in three different experimental models of PH and KCNK3 expression is decreased in one model of chronic RV pressure overload, (iii) KCNK3 is expressed in human RV tissues and strongly reduced in RV tissues from PAH patients as compared to non-PAH, (iv) chronic specific inhibition of KCNK3 channel induced molecular and electrophysiological alterations which are typically those of RV hypertrophy, and (v) chronic specific inhibition of KCNK3 significantly reduces RV cardiac function without significant alteration of LV cardiac function.
We investigated the consequences of the RV hypertrophy by PH and chronic pressure overload in experimental rat models (exposure to MCT, to chronic hypoxia, to Sugen/hypoxia, and to PAB) and its association with on KCNK3 function and other K þ current determinants.
Indeed, eight different mutations have been recently described in human PAH patients 4, 5 and we have previously demonstrated a loss of KCNK3 function in the pulmonary vascular cells of patients suffering from idiopathic and heritable PAH, as well as in MCT-rats. 14 We used a selective KCNK3 inhibitor (A293), which is described to inhibit 90% of I KCNK3 , 50% of I KCNK9 (another K2P channels), and minimally I Kv currents at 1 mmol/L. 8, 11 It is noteworthy that KCNK9 mRNA expression which is known to functionally dimerize with KCNK3 18, 19 was undetectable in rat RV and LV, and hence cannot be considered as element contributing to RV K þ current.
The contribution of I KCNK3 in action potential repolarization and the membrane resting potential of RV cardiomyocytes, suggests that KCNK3 inhibition or loss of function could facilitate induction of arrhythmias. 20 Indeed, reduced K þ currents increase the propensity for early after-depolarizations, dispersion of repolarization, and ventricular arrhythmias, thereby significantly increasing the risk of sudden cardiac death in heart failure patients. 21 Here, we demonstrate that action potential repolarization phase was progressively increased during the progression of RV hypertrophy in MCT-rats, and that KCNK3 dysfunction contributes to action potential remodelling. Since the recent demonstration showing that K2P channels, including KCNK3, have rapid and similar voltage sensitivity to many Kv channels, 22 it was not a surprise that KCNK3 contributes to the action potential repolarization in RV cardiomyocytes, property lost in RV hypertrophy associated with pulmonary vascular remodelling or PAB. . Compared with control. ns = non-significant, P < 0.05*, P < 0.01**, P < 0.001*** (Nested anova for patch-clamp experiments. Other experiments were analysed using one-way anova followed by Dunnett's).
KCNK3 dysfunction in right ventricular hypertrophy sensitive to pH and O 2 . 6 The RV compartment of PAH patients and experimental-pulmonary hypertension rats have been described to be less oxygenated 30, 31 32 An alteration of voltage-gated Ca 2þ channel (CaV1.2, CaV3.1) expression was described to contribute to action potential remodelling in RV cardiomyocytes from MCT rats. 33 Temple and colleagues also demonstrated a decrease in the expression of KCNK3 in RV from MCT-exposed rats. 34 Here, we presented a severe RV-specific decrease in KCNK3 expression and function in three different rat models of PH and one rat model of chronic RV pressure overload (exposure to MCT, to chronic hypoxia, to Sugen/hypoxia and to PAB), and in human PAH RV tissues, demonstrating that loss of KCNK3 function is a hallmark of RV hypertrophy. QPCR results obtained from frozen RV and LV tissues form PAB demonstrated that the loss of KCNK3 is independent of pulmonary vasculature remodelling. Some previous reports from mice or rats demonstrated that genetic inhibition of KCNK3 increases ventricular APD and prolongs QTc interval. 8, 12, 13 Moreover, chronic KCNK3 inhibition leads to an increase in heart rate as previously shown in Kcnk3 deficient mice 13 and in Drosophila homologue KCNK3 mutant stains. 35 We confirmed that KCNK3 is present in human ventricular tissue, and severely reduced in RV from PAH patients, suggesting that the loss of KCNK3 expression could contribute to RV disorders observed in PAH patients. Furthermore, a recent study showed that the KCNK3 knockdown in human iPSC-derived cardiomyocytes leads to significant prolongation of APD, demonstrating the contribution of KCNK3 in action potential repolarization in human cardiomyocytes. 36 RV cardiomyocytes isolated from KCNK3-inhibited rats presented early-after depolarization events, which are implicated as the primary mechanism promoting arrhythmias in acquired and congenital long QT syndromes including, polymorphic ventricular tachycardia and ventricular fibrillation. 37 Here, we showed that chronic KCNK3 pharmacological inhibition resulted to a significant increase in RV fibrosis and excessive production of IL-6 which could contribute to the RV loss function. Indeed, decreased cardiac performance does not exclusively originate from dysfunctional cardiomyocytes. Increased collagen content of the heart (fibrosis) may affect myocardial systolic and diastolic function. 38 Inflammation undoubtedly plays a dual role in the development of pulmonary vascular remodelling and RV failure. 39 The increase in IL-6 expression in RV tissues from chronic KCNK3 inhibited-rats could partly explain the decrease of RV contractility observed in these animals. Indeed abnormal cytokine expression was shown to impair myocardial contractility via multiple mechanisms. 39 Moreover, in vivo administration of IL-6 to rats reduces cardiac contractility in a dose-dependent manner. 40 Furthermore, mast cell density correlates with myocardial fibrosis in congestive heart failure patients. 41 Mast cells have also been described to produce a myriad of cytokines and growth factors such as IL-6. 42-44 PAH patients with higher IL-6 levels are described to have more severe RV dysfunction. 45 Our results showing that long term KCNK3 inhibition is associated with loss of RV function and our previous work showing pulmonary vascular remodelling in KCNK3-inhibited rats 14 highlight likely cardiopulmonary side effects of pharmacological inhibition of KCNK3 as already suggested by Olschewski et al. 46 
Conclusions
This work strongly suggests for the first time that KCNK3 channel dysfunction is a hallmark of RV hypertrophy. The demonstration that abnormalities in KCNK3 current are temporally, proportionately and specifically associated with RV cardiomyocyte hypertrophy and impairment of RV action potential repolarization in a manner that partially mimics the cardiac phenotype induced by PH is particularly striking. Additionally, our results support the idea that the RV function of PAH patients carrying a KCNK3 mutation should be more severely affected than KCNK3 mutation non-carriers.
Limitations
Our results did not specifically exclude a direct effect of KCNK3 inhibition on RV function. The generation of cardiac specific Kcnk3 deficient animal will constitute a powerful tool to further decipher its association with RV remodelling. Taking advantage of the fact that the KCNK3 channel is non-functional in mouse pulmonary vasculature 47 but functionally expressed in the mouse heart, 13 an alternative strategy may be to study RV histology and detailed cellular/molecular phenotyping in KCNK3 knockout mice. 
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